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© Pressum regulators. 

© A pressure regulator is disclosed which includes a valve 
housing with a sliding piston member defining inlet and 
outlet chambers. A valve seat in conjunction with the piston 
member forms a valve controlling fluid passing from the 
Inlet to the outlet chamber. The piston member Includes a 
piston and piston plate, the piston plate engaging the valve 
seat to control fluid flow. The diameters of the chambers and 
the piston are selected so that the inlet pressure causes no 
net force on the moving piston member, and does not 
contribute to either the opening or closing of the valve. On 
the outlet side, the piston plate is sealed with respect to the 
valve seat at a diameter which Is less than that of the piston 
plata, such that the outlet pressure creates a net force urging 
the piston plate to engage the valve seat The resulting 
unbalanced output force on the member is opposed by coil 



spring urging the member upward to unseat the plate from 
the valve seat The output pressure is thereby regulated at a 
point where the outlet force equals the spring force. 
Alternate embodiments allowing selection of the spring 
force are disclosed. 
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PRESSURE REGULATORS 



TECHNICAL FIELD 
The present invention relates to pressure 
5 regulator, and more particularly, to those regulators using 
internal pressure balances for proper operation. 

BACKGROUND OF THE PRIOR ART 
Pressure regulators to date which have relied 
on the internal balancing of fluid forces for operation, 
10 have been noted for their structural complexity and cost. 

Frequently, numerous springs, diaphragms and machined pieces 
were necessary to obtain a functional assemply. In addi- 
tion, although the concept of balancing internal forces 
within a valve to ease operation is known in the Art, prior 
15 to the present invention, no regulator valve of which the 
applicant is aware balanced inlet pressure while using the 
outlet pressure to directly open or close the valve in 
response to a predetermined biasing force. 

An example of a pressure balanced regulator in 
20 U.S. Patent 3,756,558 by Okui. Okui discloses a fluid 

control valve having an inlet 17 and an outlet 21, with a 
moving member between the inlet and outlet chambers. In the 
Okui valve, both the input and output portions of his device 
are pressure balanced, thereby requiring additional struc- 
25 ture to sense the outlet pressure and control and moving 
member of regulation of flow. This additional structure 
adds cost to the device, and increases the likelihood of 
breakdown. As will be discussed below, the present inven- 
tion minimizes cost and subsequent breakdowns by providing a 
30 simple but effective use of internal pressure balancing. 

An additional example of previous pressure 
regulating valves is D. S. Patent 702,266 by Webb. As with 
Okui, Webb discloses a valve which is pressure balanced on 
the input side. However, there is no pressure balance on 
35 the output side of Webb's device and thus the total outlet 
pressure acts to close the valve. Thus, Webb does not 
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pressure acts to close the valve. Thus, Webb does not 
permit control of the valve actuation forces through the use 
of the natural output pressure passing through the valve. 

Accordingly, there exists a need for a pressure 
5 regulating valve which is structurally simpler and more cost 
effective than existing valves. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, a 
pressure regulator is provided wherein the fluid pressure is 

10 balanced on the inlet side and partially balanced on the 

output side. The regulator comprises a valve housing with a 
sliding piston member within the housing defining an inlet 
and outlet chamber. A valve seat in conjunction with the 
piston member forms a valve controlling fluid passing from 

15 the inlet to the outlet chamber. The piston member includes 
a piston and piston plate, the piston plate engaging the 
valve seat to control fluid flow. The diameters of the 
chambers and the piston are selected so that the inlet 
pressure is balanced. Thus, the inlet pressure causes no 

20 net force on the moving piston member, and does not contri- 
bute to either the opening or the closing of the valve. On 
the outlet side, the piston plate is sealed with respect to 
the valve seat at a diameter which is less than that of the 
piston plate, such that the outlet pressure causes a force 

25 on the piston to seat the member against the valve seat. 
This unbalanced force on the member is opposed by a coil 
spring providing a force on the piston so as to unseat the 
piston plate from the valve seat. Thus, the outlet pressure 
will be regulated at a point where the net unbalanced outlet 

30 force equals the spring force. Additional embodiments are 
disclosed which allow the force of the coil spring to be 
selectively adjusted, thereby permitting fluid regulation at 
a variety of outlet pressures. 

Other objects as well as various inherent 

35 advantages of the invention will become more readily ap- 
parent from the following detailed description, which 
proceeds with reference to the accompanying drawings: 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a perspective view of a pressure 
regulator in accordance with the first embodiment of the 
present invention; 

Figure 2 is a vertical cross section of the 
valve of Figure 1 taken along line 2-2 of Figure 1, showing 
the regulator in an open position; 

Figure 3 is a partial elevational cross section 
of the preferred embodiment taken along line 3-3 of Figure 2 
showing the shape of a piston plate; 

Figure 4 is a vertical cross section of the 
pressure regulator illustrated in Figure 2, showing the in a 
closed post ion; 

Figure 5 is perspective view of an alternate 
embodiment of the present invention; 

Figure 6 is a vertical cross sectional view 
taken along line 6-6 of Figure 5 f showing the valve as 
depicted in Figure 5 in a closed position; 

Figure 7 depicts the valve of Figure 6 in an 
open position. 

Figure 8 is a vertical cross sectional view of 
a third embodiment of the present invention illustrating the 
use of diaphragms. 

DETAILED DESCRIPTION OF THE INVENTION 
First referring to Figure l r a prospective view 
of one embodiment of the present invention may be seen. 
This particular embodiment is characterized by a body 
having an inlet port 20 and an outlet port 22, the inlet and 
outlet ports of this embodiment being threaded for connec- 
tion to standard threaded coupling systems. Obviously, 
however, other, preferably standard couplings may be provid- 
ed for ports 20 and 22, such as by way of example, un- 
threaded cylindrical protrusions for coupling to flexible 
hosing using conventional hose clamps. In addition to the 
inlet and outlet ports, the body is further characterized by 
a relatively small diameter cylindrical protrusion 24 and a 
considerably larger upper cylindrical region 26, the upper 
region 26 being capped by a top plate 28 held in position 
by three screws 30 threaded into the top of the body. 
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Now referring to Figure 2, a cross section of 
the pressure regulator of Figure 1 taken along line 2-2 of 
that figure may be seen. This figure illustrates the 
internal structure and mechanism of the pressure regulator, 
5 specifically illustrating that mechanism in a regulating 
valve open position characteristic of the state of the 
regulator when delivering substantial flow rates of fluid 
through the outlet port 22 at the regulated pressure. 
Figure 4 is a similar cross section, though illustrating the 

10 state of the regulator when the outlet flow through port 22 
is substantially zero. The flow through the outlet port, of 
course, is dependent not upon the pressure regulator, but 
upon the flow through whatever means or system is coupled to 
the outlet port, the regulator valve opening and closing in 

15 response to relatively low pressure changes at the outlet 
port 22, as shall subsequently be described in greater 
detail. 

Aside from the body, generally indicated by 
the numeral 32, and the cap 28, there is contained within 

20 the body 32 a piston-like member, generally indicated by the 
numeral 34. The piston-like member fits within a cylinder 
36 in body 32. The cylinder 36 in this embodiment is 
generally orthogonal to the substantially coaxial inlet and 
outlet ports f being intercepted intermediate the ends of the 

25 cylinder by the inlet port 20. At one end (specifically the 
lower end as oriented in Figures 2 and 4) the cylinder 36 is 
vented to the atmosphere through a vent hole 38. At the 
upper end the cylinder 36 terminates at a valve seat 40, the 
valve seat being configured so as to have a diameter sub- 

30 stantially equal to the diameter of the cy lander itself. The 
inlet port 20, of course, is in direct fluid communication 
with the outlet port 22 through the area defined by the 
valve seat 40. 

The piston-like member 34 is characterized by 

35 a central cylindrical section 42 of a diameter substantially 
less than the cylinder 36 so as to provide an anular flow 
region therebetween of substantial cross sectional area. At 
the lower end of the cylindrical section 42 is a flanged 
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area 44 containing an 0-ring 46 for slideably and sealingly 
engaging the lower region of cylinder 36. At the upper end 
of cylindrical region 42 is a piston plate generally in- 
dicated by the numeral 48, characterized by a central region 
5 50 and a peripheral region 52. The central region 50 and 
peripheral region 52 are effectively separated by a groove 
54 containing an 0-ring 56 of the same diameter as the valve 
seat 40. As may be seen in Figure 3, which is a view taken 
along line 3-3 of Figure 2, the peripheral region of 52 of 
10 top plate 48 has a plurality of radially outwardly extending 
fingers 58 loosely slidable on the internal cylindrical 
surface 60 of the upper portion 26 of the body 32 of the 
regulator. 

The piston-like member 34 is a generally hollow 

15 member with a coil spring 62 being disposed within the 

piston-like member to yieldably encourage the piston-like 
member in an upward direction with a predetermined force, as 
set by the spring rate and preload of the coil spring. The 
piston-like member 34 and the coil spring, of course, are 

20 readily assembled as shown prior to the placement of cap 28 
in position, the cap itself being sealed with respect to the 
upper portion 26 of the body 32 by 0-ring 64. Thus it may 
be seen that the entire assembly is comprised of three 
specially formed pieces, specifically body 32, piston-like 

25 member 34 and cap 28, three screws for holding the cap on, 
three 0-rings and coil spring. The three special parts, 
specifically the piston-like member, the body and the cap, 
may be injection molded plastic parts if desired, as a 
substantial percentage of the market for pressure regulators 

30 of this type would be expected to be for providing regulated 
pressures in the range of 0.3 to 7 bars (5 to 100 psi) from 
a source having an upper pressure limit of not much higher 
than 7 bars (100 psi). In that regard, even the source may 
itself be regulated, as pressure regulators are frequently 

35 used to receive fluid from a regulated source and to deliver 
that fluid at a lower regulated pressure. 
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The operation of the device of Figures 1 through 
4 is as follows. Referring first to Figure 4, it will be 
noted that the pressure in inlet port 2G acts on both the 
upper and lower portion of the piston-like member 34 with 
5 equal force so that there is no net force on the piston-like 
member due to the inlet pressure* There is a force through 
vent 38 r specifically a force upward equal to P a x A p , 
where P a is the atmospheric pressure and A p is the area 
of the piston-like member in cylinder 36, i.e. r the cross- 

10 sectional area of the cylindrical region 36. In addition, 
of course, there is an upward force due to the spring F s . 
With respect to the pressure on the outlet side of the 
regulator, that pressure acts equally on the upper and lower 
surfaces of the peripheral region 52 of the piston plate 48 

15 so as to cause no net force thereon. However, with respect 
to the central region 50 of the piston plate, the outlet 
pressure force is not balanced, so that there is a downward 
force equal to P 0 x A p , where P Q is the absolute 
outlet pressure of the regulator. 

20 Thus: 

F 8 + P a x A p = P D x A p , or F s = A p (P Q - P a ) = 
Ap x P Q g where P Q g is the guage pressure 
output of the regulator. 
Thus, in operation, variation in the inlet pressure has no 
25 effect on the operation of the device. If the outlet 
pressure tends to fall below the regulated value, the 
pressure force on the top of the piston-like member 34 drops 
so that coil spring 62 urges the piston-like member upward 
toward the valve open position of Figure 2, supplying 
30 sufficient fluid through the outlet port to maintain the 
outlet pressure at the regulated value. If, on the other 
hand, the flow in whatever utilization means is using the 
output of the regulator falls to zero, the valve will close 
at the regulated pressure as shown in Figure 4. 
35 The pressure regulator of Figures 1 through 4 

is particularly advantageous because of its simplicity and 
ease of manufacture, while still providing good regulation 
over various flow and inlet pressure ranges. In certain 
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instances however, the force requirements of the coil 
spring 62 to meet the size and pressure requirements of 
such regulators is inconvenient to achieve. Further, there 
may be numerous applications wherein an adjustable regulator 
5 would be desired. Thus, an alternate embodiment regulator 
may be seen in Figures 5 through 7. This embodiment has a 
body having an inlet port 100 and an outlet port 102, the 
inlet port intercepting an internal cylindrical region 104 
of the body. The body is sealed at the bottom thereof by 

10 a bottom plate 106 held in position by screws 108 and sealed 
with respect to the body by 0-ring 110. The bottom plate 
106 contains a small upward facing cylinder 112 of area 
Ap2, the area of cylindrical region 104 being A p i. 
Slideably fitting within cylinder 112 is a member 114, 

15 sealed with respect to the cylinder by an 0-ring 116. The 
cylinder itself is vented through opening or vent 118 in the 
bottom cap 106. 

Member 114 is joined by threads, solvent welding 
or ultrasonic welding to the lower portion of a piston-like 

20 member 120, the upper end of which has a flange 122 thereon 
sliding within the cylindrical region 104 and being sealed 
with respect thereto by 0-ring 124. The lower end of the 
cylindrical region 104 ends in a valve seat 126, with a 
rubber or rubber-like sealing member 128 trapped between 

25 member 114 and piston-like member 120 providing a good seal 
with the valve seat when the assembly is in the upper 
position shown in Figure 6. 

At the top of the body is a threaded stem 130 
containing an appropriate scale 132 thereon, which in 

30 conjunction with the lower edge of screw cap 134 provides a 
readily visible indication of the pressure setting of the 
regulator. The screw cap 134, as may be seen in Figures 6 
and 7, is configured to receive the head 136 of a metal pin 
138, which pin maintains coil spring 140 straight, prevent- 

35 ing the coil spring from buckling under the compressive load 
therein. The coil spring, as may be seen in Figures 6 and 
7, exerts a downward force on the lower end of piston-like 
member 120, encouraging the assembly of the piston-like 
member 120, member 114 and rubber seal member 128 downward. 
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This configuration functions very similar to the 
embodiment of Figures 1 through 4, with various exceptions. 
For instance, the inlet pressure is balanced, as may be seen 
in Figure 6, in that the inlet pressure creates no net force 
on the moving assembly. Similarly the atmospheric pressure 
forces within the area of cylindrical region 112, spe- 
cifically the area A p 2 are balanced by the atmospheric 
pressure forces within the same area above region 122 of the 
piston-like member 120. Outside this area, i.e., in the 
angular area between the diameter of the area A p2 and the 
area A p i of the cylindrical region 104, the full outlet 
pressure is operative to encourage the assembly upward. 
There is, of course, a downward force due to the ambient 
pressure on the same annular area above region 122 of the 
piston-like member 120, as well as the downward force of the 
coil spring 140, which may be varied as desired by rotation 
of the screw cap 134. Consequently, it may be seen that the 
force balance, i.e., the regulated pressure, is achieved 
when the following equation is satisfied: 

F s = p og (A p i - A p 2). 

Thus it may be seen that in this case part of 
the outlet pressure is also balanced so that by appropriate 
selection of the various dimensions of the pressure regu- 
lator, dependant upon the specific requirements of the 
application, a particularly stiff or especially heavily 
preloaded coil spring requirement may be avoided. As 
before, pressure regulators of this type may be manufactured 
for a relatively low cost, using plastic injection molded 
parts for the more normally encountered pressure ranges, or 
may be fabricated of metal for higher pressure applications. 
Of course, various changes in detailed design, propor- 
tions, etc., may readily be incorporated in the design of 
the regulators in accordance with the present invention to 
accommodate flow rates, pressures, temperatures, corrosive 
fluids, etc., as an application may require. 

Referring now to Figure 8, a third embodiment 
of the present invention is disclosed. It will be noted 
that the operation of this embodiment is similar to that of 
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the previous embodiments, in that the inlet pressure is 

balanced, with an unbalanced output pressure working against 
the known spring force, acting downward, to regulate the 
position of a moving central piston-like assembly, generally 
5 indicated by the numeral 205. However, the embodiment of 
Figure 8 differs from the earlier embodiments in that the 
0 -ring s used to seal the moving members in the earlier 
embodiments have been replaced with diaphragms to eliminate 
the sliding seals. 

10 Lower body member 200 has an inlet port 202 

and an outlet port 204 communicating with the interior 
region 206 thereof. Within the interior 206 is the piston- 
like assembly 205 comprised of a cylindrical member 208, a 
valve seat support 210, a lower screw member 212 and an 

15 upper screw member 214. Located between the cylindrical 

member 208 and the valve seat support member 210 is a rubber 
or rubber-like seal member 216. Also, trapped and sealably 
retained between support member 210 and the head 218 of 
lower screw member 212 is the inner periphery of a lower 

20 diaphragm 220. Similarly sealingly retained between upper 
screw member 214 and the top of cylindrical member 208 is 
the inner periphery of an upper diaphragm 222. The inner 
periphery of the diaphragms (as well as the outer peripher- 
ies thereof) are molded with an integral 0-ring type sealing 

25 bead thereon which, when located in an appropriate groove on 
the mating parts, provides for an 0-ring like seal with 
respect thereto. It also provides for positive anchoring of 
the inner and outer peripheries to resist radial distortion 
in the diaphragms in those regions as a result of the 

30 operating pressures thereon. 

Located within the body 200 is a support member 
244 which defines a downward directed valve seat 226 dispos- 
ed to be intercepted by the top surface of seal member 216 
when the piston-like assembly moves to an upward position 

35 (the assembly being shown in a lower regulating valve open 
position in Figure 8). The suport member 224 of course is 
appropriately ported to allow fluid communication between 
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the inlet port 202 and the region above valve seat 226, and 
similar fluid communication between the region below valve 
seat 226 and the outlet port 204. An G-ring 228 seals the 
periphery of the support member 224 with the inner diameter 
5 of the lower valve body 200. 

The outer periphery of the lower diaphragm 220 
is retained between the lower portion 230 of support member 
224 and the bottom 232 of the body 200. Similarly the outer 
periphery of the upper diaphragm 222 is supported between 

10 the upper portion 234 of support member 224 and the lower 
portion 236 of an upper body member 238 fastened to the 
lower body member by screws 240. Also the cavities below 
diaphragm 220 and above diaphragm 222 are vented to the 
atmosphere. The upper body member 238 is internally thread- 

15 ed to receive an adjustment screw member 242 entrapping coil 
spring 244 between the adjustment screw 242 and screw member 
214 to provide an adjustable downward spring force on the 
piston-like assembly of the valve. A scale bar 246 fastened 
to upper body member 238 provides an indication of the 

20 regulated pressure when read in conjunction with the verti- 
cal position of the adjustment screw 242. 

The operation of the embodiment of Figure 8 is 
substantially the same as that of Figures 5 through 7. In 
particular, the inlet pressure through port 202 provides an 

25 upward force on diaphragm 222, part of which is transmitted 
to the body of the pressure regulator and part of which is 
transmitted inward to the moveable assembly 205. Each of 
these forces is proportional to the pressure on the dia- 
phragm and accordingly, one can calculate an equivalent 

30 piston area for which the same pressure would create the 

same force on the moveable assembly 205. In the embodiment 
of Figure 8, the various members supporting the upper 
diaphragm 222 are proportioned so that the equivalent area 
is equal to the area of the valve seat 226, which area is 

35 labeled A p x in Figure 8, and is functionally equivalent to 
the area A p i of the embodiment of Figure 6. The lower 
diaphragm 220, as well as the members on which it is sup- 
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ported, are proportioned so that the equivalent area of that 
diaphragm is a predetermined amount smaller than the area 
Api, i.e., specifically A p i as identified in Figure 8. 
Here again this area is equivalent to the area A p 2 of 
5 Figure 6. Thus the equation heretofor given for the opera- 
tion of the embodiment of Figures 5 through 7 is also 
applicable to the embodiment of Figure 8, if the equivalent 
areas for the two diaphragms are used in place of the two 
piston areas. 

10 In both the preferred and alternate embodiments, 

a regulator has been described which provides a simple and 
cost effective means for regulating pressure and fluid 
lines. Although the above embodiments have been described 
in detail, it is to be understood that various modifications 

15 can be made therein without departing from the spirit and 
scope of the invention, as defined in the appended claims. 
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CIAIHS 

1. A pressure regulator comprising: a housing 
including outlet and inlet chambers in fluid communication 
through, a valve seat disposed between said inlet and out- 
let chambers; a piston movably disposed in said housing, 

5 said piston being coupled to a valve member which sealingly 
engages said valve seat when said piston is in a first 
position; sealing means for sealing said piston to prevent 
fluid flow past said piston except through said valve seat; 
said valve member being shaped such that fluid within said 
10 output chamber exerts a net force urging said valve member 
toward said valve seat; and means for biasing said piston 
away from said valve seat. 

2. The pressure regulator of Claim 1 wherein 
said housing includes a cylindrical section providing fluid 

15 communication between said outlet and inlet chambers, said 
valve seat is disposed at one end of said cylindrical sec- 
tion, said piston is movably received in said cylindrical 
section, and said sealing means prevents fluid flow out 
of said cylinder except through said valve seat. 

20 3. The pressure regulator of Claim 2 wherein 

said biasing means comprises a spring disposed within a 
hollow portion of said piston. 

4. The pressure regulator of Claim 2 wherein 
said valve member is of greater diameter than that of said 

25 cylindrical section. 

5. The pressure regulator of Claim 4 wherein 
said valve member includes a plurality of perforations 
spaced circumferentially around said valve member at a 
greater diameter than that of said cylindrical section to 

30 allow fluid to flow in and around said valve member. 

6. The regulator of Claim 1 wherein said piston 
is shaped such that fluid pressure within said inlet cham- 
ber and cylindrical section does not exert any substantial 
axially acting force on said piston. 

35 7. The pressure regulator of Claim 1 further 

including means for compressing said biasing means to any 
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of a plurality of positions, thereby providing a biasing 
force on said piston which can be selectively varied. 

8. The regulator of Claim 1 wherein said 
sealing means is a means for slidably sealing said piston 
to prevent fluid leakage in said cylindrical section. 

9. The pressure regulator of Claim 2 wherein 
said sealing means includes a first resilient diaphragm 
mounted between said piston and said housing to define one 
wall of said inlet chamber and to seal said housing from 
fluid leakage, said diaphragm being a means for allowing 
said piston to reciprocate to and from said first posi- 
tion, said valve seat and said first resilient diaphragm 
being porportioned so that fluid entering said inlet chamber 
does not produce a substantial axially acting net force on 
said piston. 

10. The pressure regulator of Claim 8 further 
wherein said sealing means further includes a second re- 
silient diaphragm having an effective diameter which is 
less than said first resilient diaphragm, said second re- 
silient diaphragm being coupled between said piston and said 
housing to define one wall of said outlet chamber. 
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